This study analyzes the change in annual and seasonal maximum and minimum temperature (T max and T min ) during the period 1950-2005 (i.e., second half of the 20th century). In-depth analyses have been carried out for all over India as well as for five temperature homogenous regions of India separately. First, the temporal variations of annual and seasonal T max and T min are analyzed, employing the trend free pre-whitening Mann-Kendall approach. Secondly, it is assessed whether the observations contain significant signals above the natural internal variability determined from a long 'piControl' experiment, using Monte Carlo simulation. Thirdly, fingerprint based formal detection and attribution analysis is used to determine the signal strengths of observed and model simulations with respect to different considered experiments. Finally, these signal strengths are compared to attribute the observed changes in T max and T min to different factors. All the model simulated datasets are retrieved from the CMIP5 archive. It is noticed that the emergence of observed trends is more pronounced in T min compared to T max . Although observed changes are not solely associated with one specific causative factor, most of the changes in T min lie above the bounds of natural internal climate variability.
INTRODUCTION
The warming of the global climate system in the past century is unequivocal, as evidenced by a change in climate with increasing frequency, intensity, duration and spatial exten- historical climate has improved in many respects relative to the previous models (CMIP3), is used for these assessments shown in the AR5. Global mean surface temperature has increased by 0.74 W C ± 0.18 W C during 1906 -2005 . During the first half of the 20th century, the influence of natural internal factors in climate variation was significant as compared to the second half of the 20th century (Tol & Estrada ) .
Two fundamental issues related to climate change, i.e., Natural internal variability is the chaotic variation of the climate system, which is also termed as noise in D&A analysis. Longer observed homogenous records are preferred for powerful anthropogenic signal detection from the background of natural internal variability. This demand has been met with the passing period of time. But along with the observed dataset, data of various influencing drivers from a much wider range are equally essential for climate change D&A study. The most cited method is optimal fingerprinting for climate change D&A, which was introduced by Hasselmann (). In the optimal fingerprint detection approach, to enhance the SNR (Signal to Noise Ratio), the climate change signal vector rotates in a direction away from the natural internal variability (Hegerl et al. ) .
Research on D&A in India has been done to a lesser extent, although thorough researches have been carried out in other parts of the world ( • A study performed to analyze the spatial and temporal variability of annual, monthly, and seasonal T max and T min over all India and over temperature homogeneous regions in three time slots, 1901-2003, 1948-2003 and 1970-2003 This paper primarily addresses the following issues:
• How the seasonal observed T max and T min have changed with time.
• Whether the natural internal climate variability simulated by climate model could explain the observed variability. In the following section, the details about the study area and observed and model data used are presented. Secondly, the methodology implemented is explained. Thirdly, the detailed steps followed in this study are described. which provides observed monthly T max and T min for the period 1901 to 2012 at a resolution of 0.5 W × 0.5 W , is considered as a proxy for the observed dataset after comparing with the IMD dataset. The CRU3.21 data were interpolated to IMD grid points, and absolute gridded average differences were obtained for the common period Based on the aforementioned model evaluation study and the availability of considered experiments, nine models each for T max and T min were chosen for this study.
STUDY AREA AND DATASETS
The five sets of experiments, that is, 'piControl', 'historical', 'historicalMisc', 'historicalGHG' and 'historicalNat', are used in this D&A analysis. The 'piControl' experiment is the approximation of the for measuring the statistical significance of the result, and observational data, which is projected onto the fingerprint.
In the optimal fingerprint detection, the optimization process requires a prior estimation of noise associated with the fingerprint to enhance the signal to noise ratio.
Due to the unavailability of noise based observation, part of a control simulation is used for optimization, which is not allowed to be a part of the detection process to satisfy independent assumption. Results show that there is little difference between optimized and non-optimized versions 
where f(x) is the fingerprint and T(x,t) is the time series of either observation or the model. Here (Equation (1) Table 1 , Table 2 and 
where n is the length of the data series x i and x j are the sequential data in the series and
where t k is the number of ties for the k th value and q is the number of tied values. In variance formula, the second part of the numerator is for tied censored data. The standardized test statistic Z MK is defined as
To test the monotonic trend at α significance level, the null hypothesis of no trend is rejected if the absolute value of the standardized test statistic Z MK is greater than Z MK1Àα/2 obtained from the standard normal cumulative distribution tables. The effect of serial correlation is taken care of by the trend free prewhitening approach explained in the following paragraph.
First find the magnitude of the slope using the Sen's slope (SS) (Sen ) approach for the considered time series. Then assuming the AR(1) process, de-trend the linear trend from the time series. If the lag-1 correlation coefficient of the de-trended time series is significant at a defined level, then apply the MK test to the de-trended pre-whitened series recombined with the estimated slope (using the SS approach), else apply the MK test to the original series. In summary, the methodology for the present analysis is depicted in a flow chart ( Figure 2 ). 
RESULTS AND DISCUSSION
In this study the variations of T max and T min during four seasons, that is, winter (JF), pre monsoon ( Results reported here are for all over India as well as for the temperature homogenous regions of India, considering ten detection variables. Signal strengths and The results are shown in Table 5 and Table 6 for T max and T min respectively. For all the six cases of T max (mentioned in Table 6 ). The discrepancies in climate 
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model output for T max and T min may be due to improper simulation of the cloud radiation process (Zhou et al. ) .
For the cases reported in region are reported in Figure 7 . Due to the lower number of cases corresponding to IP and WC regions (observations significantly different from control distribution; Table 4 ), these results are shown together in Figure 8 . In most of the cases the multi-model mean signal strength of 'historical' and 'histor- 
